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 Japan is the third largest economy in the world and the fifth largest consumer of energy; its self-sufficiency in energy is the lowest among top world economies, with only four percent self-sufficiency. This is what is shaping Japan’s energy policies as Japan prioritizes safety and security of supply to the price of fossil fuels. Resource poor Japan has negligible mineral resources and virtually no natural energy resources, therefore relying on imports for almost 95% of their energy supply (FEPC). As of 2017 reports from the United States’ Energy Information Administration (EIA), Japan is the largest importer of liquefied natural gas (LNG) in the world and in the top three importing countries of coal, petroleum, and consumption of crude oil and petroleum products.   Being substantially poor in national resources, Japan decided to focus its attention on nuclear power and research and development. Strong government subsidized research and development have allowed Japan to pursue national energy efficiency measures to strengthen energy security and reduce levels of carbon dioxide emissions. In 1966, Japan fired up its first nuclear power reactor, and made nuclear a national strategic priority since 1973. In 2010, behind France and the United States, Japan was the third largest consumer of nuclear energy in the world, with nuclear producing around one third of Japan’s total electricity, predicted to power at least 40% by 2017.   Then in March 2011, a 9.0 magnitude earthquake struck off the coast of Sendai in northern Japan, consequently triggering a tsunami and causing devastation at the Fukushima-Daiichi nuclear power plant, similar to that of Chernobyl and Three Mile Island. In the aftermath of the 2011 disaster, widespread fear called for nuclear power to be abandoned. “After the Fukushima disaster, the composition of fuel used for power generation shifted heavily to fossil fuels, particularly LNG, which became the primary 
substitute for nuclear power” (EIA), as can be seen in Graph #1, which shows the changes in consumption of nuclear power and LNG. Many nuclear reactors shut down permanently because the cost to bring equipment up to date and follow new nuclear regulations heavily outweighed the cost of shutting them down. Between 2013 and 2015, Japan suspended its nuclear energy, gradually shutting off power plants around the country, ultimately cutting its cheapest domestic source of energy.  By cutting one of its main energy sources, Japan had to rely heavily on fossil fuels to take the place of clean nuclear energy. As of March 2018, “42 reactors are operable. The first two restarted in August and October 2015, with a further five having restarted since. 17 reactors are currently in the process of restart approval” (World Nuclear Association).   As Japan continues to get a hold on its nuclear program, development in renewable sources of energy have become a top priority as impending deadlines and targets for carbon dioxide emissions loom overhead. Achieving emission goals is not enough, for climate change is a threat the world faces and threatens our future. By further developing renewable energy sources and technology, Japan has been setting a precedence for other countries to follow with respect to national energy strategies.    For Japan, there are many strategic objectives to move the country in a more renewable direction. Improvements and developments for renewable energy sources include: wind, geothermal, solar, marine/hydro, and electric vehicles. By increasing the numbers in all of these energy sectors, Japan could move away from being the world’s second largest net importer of fossil fuels, which it currently is. To move away from 
dependence on foreign oils would allow Japan to in part become self-sustainable and hopefully boost their slumping economy.   First is wind energy. Over the past few years, the Japan Wind Power Association (JWPA) has been installing on-shore and offshore wind turbines around the coastlines of Japan in order to establish wind power as an important source of non-imported and renewable energy. Offshore wind turbines contribute heavily to Japanese power demand and have terrific potential. Progress of wind power generation and installation of wind turbines can be seen in Graph #2, a very positive move in the direction towards greater renewable energy. One of their most fascinating accomplishments is JWPA’s floating wind turbines. Japan’s wind energy sector has a 2020 goal of producing 11 gigawatts (1 billion watts of energy) and a reduction of ten million tons of carbon dioxide by the same time. By 2030, the goal is 28 gigawatts of wind energy produced, and reduction of around 32 million tons of carbon dioxide. The long-term goal of JWPA is to “supply more than 20% of the domestic electric power demand of Japan from wind power generation” (JWPA), by 2050, creating 50 gigawatts of energy and the reduction of almost 100 million tons of carbon dioxide.   Being a country with so many volcanoes, Japan has the potential to be a world leader in geothermal energy production. Geothermal energy creates electricity by pumping high-pressured hot water from the underground earth to the surface and spinning turbines from the subsequent steam while at the same time producing almost no carbon dioxide emissions (Ryoji). Additionally, geothermal energy has very little environmental and animal life consequences, and does not depend on the seasons or climate, being a reliable source all year round. In a September 2014 report from Japan For Sustainability, Japan has 
enough geothermal resources to produce around 23.5 million kilowatts of electricity, however only two percent of the potential power is being harnessed.   Geothermal energy resources in Japan remain largely untapped because in previous years there were strict government regulations on building power plants in national parks, where the majority of the natural hot springs are located. As the importance of renewable energy increased in Japan, especially after the Fukushima nuclear disaster, the Japanese Ministry of Environment increased the subsidy for development and rolled back regulations, which allowed substantial geothermal power development in many national parks (Japan For Sustainability). Currently, Japan is pushing to increase geothermal development and decrease its dependence on non-renewable energy sources. The broad strategic objective at the moment is to increase geothermal power generation three fold, a move that would drastically cut carbon dioxide levels, all within the next ten years. “Mitsubishi Materials and its partners are currently working on the Wasabisawa geothermal power project in Akita Prefecture and hopes to get it operational in 2019. With a planned power generation capacity of 10 MW, it could be the first larger-scale geothermal plant in a long time” (Richter). Japan needs to build on the developments that have surfaced within the past few years and make a push towards greater geothermal energy. With the world’s third most volcanoes and geothermal resources, it is a wise, economic and environmentally friendly objective.   The largest growing renewable sector of energy in Japan is solar energy. With large tax and buy-back incentives, Japan’s solar generation capacity increased five fold from 2012 to 2016 and “has an objective to account for 12% of Japan’s electricity-generation mix by 2030, up from 4% from 2016” (Institute for Energy Economics and 
Financial Analysis (IEEFA)). The goal for renewable energy is to power 35% of Japanese electric needs by 2030.    As an island nation with access to so much ocean water, Japan should develop and begin to pursue marine energy as a form renewable energy. Currently, marine energy has been off to a great start in the Goto Islands, at the very southern tip of Japan, developing but not putting in place yet floating wind turbines, onshore wind turbines, and under water tidal turbines. The tidal energy development has a potential to reach over 900,000 megawatt hours of energy annually, energy enough to sustain 250,000 homes. Tidal power is a clean renewable source that is not weather dependent, furthermore, tidal energy is a stable, renewable, and a year round source of energy (Asia Biomass Energy Cooperation Promotion Office). The Kyushu Mirai Energy Corporation, one of the makers of the technology that goes into the tidal power generation, believes the project is suitable for the waters of Japan, has a very small impact on the environment, and is an introduction of renewable energy to help combat the effects of climate change as well as reducing carbon dioxide levels.   The last strategic objective for Japan to move more towards renewable energy and away from fossil fuels is the increase in hydrogen powered and electric vehicles. Because Japan manufactures so many cars, including Toyota, Honda, Nissan, and Mitsubishi, it would be relatively easier than the objectives of other energy sources. A switch to more electric vehicles would help reduce air pollution created by regular car exhaust because electric vehicles have zero exhaust emissions. Car companies such as Nissan are already making cars whose interiors and frameworks are partially made from recycled green materials. More electric vehicles would further reduce Japan’s 
dependency on foreign oil and natural gas. Additionally, if the electric vehicles were to be recharged from renewable electricity, this would reduce green house gasses even more.   Toyota and Honda have started the initiative in Japan and begun making hydrogen-powered vehicles. “In 2016, the Ministry of Economy, Trade, and Industry set a target of having 40,000 hydrogen-powered vehicles on the road by 2020” (IEEFA 32). Nissan plans to have electric vehicles account for fifty percent of their sales by 2025, and Honda plans to have electric vehicles account for two-thirds of sales by 2030. According to the IEEFA, Japan had more than 126,000 electric vehicles on the road in 2015, with numbers expected to keep boosting because of affordability over that of hydrogen-powered vehicles.     After the Fukushima nuclear disaster in 2011, Japanese want to move towards renewables for their sources of energy. However, the renewable energy sources mentioned above have not reached anything near their full potential, with many still in the development stages. The energy objectives would allow for diversification among energy sources, because “a well-balanced energy mix makes it possible to maximize the benefits of each energy source and offset their respective disadvantages” (METI). As Graph #3 shows, fossil fuels make up a large majority of energy generation, whereas renewable energy sources are quite small. More diversification would allow renewables to increase and bring down the dependency and usage of fossil fuels.   
 Policy choices surrounding solar energy and panels is slightly trickier than other forms of renewable energy. The amount of sunshine is excellent in Japan, and then it is a 
very mountainous country, making it very costly and complicated to install solar power plants such is those in the United States that can be installed on large flat open land areas. Instead there are tens of thousands of areas of water, a tremendous potential for floating solar panel plants which have been developed. The solar panels float atop damns and reservoirs of water, are easy to install, and very environmentally friendly. In order to finance the project, the French design company has teamed up with one of Japan’s biggest business investors, Mr. Hiroaki Ogino, allowing solar development to progress (EuroNews). Currently, there are around 20 solar plants installed, with many more to come and the latest will be operational within months of installation, a rather quick process under the new energy strategy. The large increase in solar power will not only help Japan with increases in renewable energy sources, but will additionally serve as a leading example for other countries to follow with this new way of creating solar energy.  
 Geothermal power development is both politically and economically feasible. Japan would not have to spend more money on research and development because the needed apparatuses have been developed and are produced domestically. Japanese companies Toshiba and Mitsubishi already provide geothermal power equipment and technology to other countries that have decided to pursue the renewable energy source. Politically it takes geothermal power plants quite some time to get started, sometimes up to nine or ten years because of setbacks and rules regarding survey drillings and evaluations, so it is important to implement policy to expedite the amount of time it takes to move from a vision to actual results and get future plans started as soon as possible. Economically, “A 20-megawatt geothermal plant can cost as much as seven million to access, with a further 20 to 40 million dollars to complete drilling” (Looi), a very viable goal keeping in mind that 
in 2012 Japan increased its geothermal energy funding from 15 to 90 million dollars (Renewable Energy World).   Geothermal power creates energy from natural resources below the surface of the earth. Because geothermal power needs no fuel for electricity generations, operational costs are low and the environmental impact is negligible. Furthermore, energy output from geothermal power is stable compared with other sources of natural energy, and can therefore serve as a base-load power source, meaning it can economically produce the electrical power to fulfill the minimum demand. Japan possesses the highest level of geothermal turbine technology in the world.   Using marine turbines on just one percent of the coastlines of Japan would create the equal amount of energy produced by ten nuclear power plants, around ten gigawatts of energy (Okinawa Institute for Science and Technology). Ocean currents generate relatively more energy than air currents because water is so much denser than air, and therefore applies greater force on the turbines. Marine power is both easy to install and renewable, having no direct green house gas emissions and a low environmental impact. Similar to geothermal power in the way that it is consistent year round, and because the oceans tidal patterns are well understood, marine energy is a very predictable energy source, making it highly attractive for a source of electricity, and thus should be pursued by policy.      With strong support from the government and domestic car company technologies, hydrogen and electric cars are a smart and clean move. As of 2016, there were about 400 hydrogen vehicles in Japan, but the government wants around 40,000 
by 2020, and nearly 800,000 by 2030 – quite lofty goals that coincide with implemented policy. For a base model hydrogen car, the price is around $60,000 US dollars, the same price for BMW or Mercedes in Japan. Policies that include tax incentives and government subsidies should be enacted to encourage people to buy electric vehicles and offset the high prices of hydrogen cars. The hydrogen the car runs on, takes a lot of energy to store, and more still to transport around the country, giving rise to adversaries saying that hydrogen cars are not nearly as clean as they claim to be. Again however, the initial investment of having to store and transport hydrogen around is worth having so many hydrogen cars on the street in the long run.    The most difficult part of mobilizing political support and getting the country to embrace the energy objectives set forth would be surrounding the nuclear sector. After the Fukushima-Daiichi nuclear disaster, much of the population feared for another meltdown and was all together afraid of nuclear power. A consequence of shutting down all Japanese nuclear reactors was a spike in fossil fuel usage, leading Japan off the path towards their renewable energy goals.  The Fukushima nuclear meltdown was essentially a man-made disaster, despite the earthquake and tsunami.  There were poor organization and regulatory systems in place and overly close relationships between government and industry that resulted in shady practices, as well as dismissal of actions to be taken to avoid a nuclear disaster.  To mobilize political support would be difficult, though not impossible. It would take proving to the doubtful population that nuclear facilities are up to date, have passed all regulations, have higher sea walls similar to those of the Onagawa meter sea 
walls that withstood the very same tsunami, and are prepared for another natural disaster that may be impending. As more reactors around the nation start to come back online, nuclear power can go back up to ideal levels of production, in turn causing the dependence on fossil fuels and carbon dioxide emissions to decrease.   With respect to geothermal power, I believe a way to get the whole country to pull in the same direction and put aside locals’ issues surrounding geothermal politics would be to have the government help aid the hurt tourism cash flow. If tourism to the natural hot springs in a region where geothermal energy was being developed were to drop, this would hurt the region’s economy and cash flows. However, if the government were to subsidize/financially compensate for the decrease in revenue, and then I believe these geothermic regions would be more willing to embrace my priorities.  A way to collectively get the whole country to embrace priorities and pull in the same direction would be by showing an example of the disadvantages and consequences of such a heavy dependence on foreign oil. In the 1970’s OPEC declared an oil embargo and cut off shipments of oil to the United States during a time when it depended heavily on foreign oil. One of the first felt consequences of the oil embargo and energy crisis was the increase in the price of oil and immediate energy conservation plans. The Energy Crisis had short and long term effects on the United States economy and society, the short term effects being a continuation of the immediate consequences endured. One of the first short term effects was the jump in the price of oil to nine dollars, alongside an oil shortage because OPEC stopped exporting oil. Oil prices rose dramatically again in 1979, due to the Iranian Revolution and the halt in Iran’s oil production (Deutch). Both crises made clear the drawbacks of United States’ dependence on imported oil and 
established for the United States’ public the economic and security disadvantages of oil import dependence and established, for the first time, the necessity to “reduce dependence on imported oil and begin a long transition for an economy based on increasingly expensive oil”, a lesson learned. By learning about the US energy crisis of the 1970’s, Japan can further mobilize support for domestic renewable energy.      Japan needs a lot of energy, yet so much remains untapped. Geothermal, wind, nuclear, solar, and marine energy are all within the borders and do not need to be imported from the Middle East like their oil they depend on so heavily. There is so much energy to be harnessed with more research and development, and from that, dependency on foreign oils and national carbon dioxide emissions will decrease, helping Japan address one of its top national security priorities.   Plans for the next 20 years move Japan in a renewable direction, adding back its nuclear power and developing other sustainable sources of energy to feed the nation’s energy hunger. Under the 2015 Paris Climate Agreements, Japan aims for an 80% cut in greenhouse gas emissions by 2050 compared with that of their 2013 levels, and strive to develop society in a lower-carbon manner. The broad objective by 2050 is to move away from coal and transition to gas, increase renewable energy development and power, and safely keep increasing nuclear power to absorb part of the country’s energy needs and dependence on fossil fuels.   Hydrogen stations for refueling vehicles are expensive; almost four times the price of a regular gasoline station. Yet the government will not let the cost diminish the objectives, and wants to increase the number of hydrogen refueling stations from 80 to 300 
by 2025. In fact it hopes to make hydrogen fuels cells a source of backup power for homes, targeting 5.3 million home fuel cells by 2030. The investment today into electric vehicles and hydrogen-powered cars will be well worth it in the long run as hundreds have taken the initiative today to move towards a renewable future.    Several problems are anticipated when it comes down to moving Japan in the direction towards the laid out objectives. The first problem has already surfaced in the wake of geothermal energy development. Geothermal power relies on natural hot springs for their source of energy, however many of the hot springs are vacated by spas that use the hot springs as a natural bath to attract clientele. Fear that geothermal development will rob spa towns of their mineral rich hot water has created a problem against developing geothermal energy. Developers assert that power plants and spas can coincide peacefully without disturbing the spas and water source, creating a supply of inexpensive clean energy, help Japan honor its carbon dioxide commitments as laid out in the Kyoto Protocol, and keep spa-goers happy and clean. The Japan Spa Association serves as the main adversary of geothermal power in the country and though they have no policies in place to combat the clean energy development happening, they have public outcries about destroying historic culture and scaring off the many tourists that come every year to bath in the natural hot springs.   I advise for educating those against geothermal power general and proving to them that “there is no scientific proof that geothermal power generation negatively impacts hot springs”(McCurry)as Kyoto University professor Ashida says. Once educated, then a scientific understanding of geothermal power will be attained, and hopefully any remaining 
pessimists will understand how important it is to limit carbon dioxide emissions and move towards renewable energy. Furthermore, a few spa owners have agreed to share their natural resource with geothermal plants, hopefully this sways other spa owners to follow suit after seeing that an accord can be reached without disrupting any current operations.   A second major anticipated problem is the reopening of more nuclear power plants. Though this objective has many benefits, including lowering Japan’s dependency on fossil fuels and carbon dioxide levels, there is still fear among the population of nuclear power as discussed earlier in the struggle to mobilize political support. Policies to eliminate corrupt relationships between regulators and utility owners, as well as policies to enforce strict stress tests would be put in place. Furthermore, a policy to make all vulnerable facilities have a higher ocean wall similar to that of the Onagawa nuclear facility that withstood the same earthquake and tsunami that crushed Fukushima would be enacted. Overwhelmingly, the largest anticipated problems will be popular aversion with respect to such developments; fear for more nuclear generation, backlash against geothermal, and for hydrogen vehicles a fear of an explosion when hydrogen and oxygen come into contact.    The Japanese Ministry of Foreign Affairs (MoFA) views climate change as one of the greatest threats to national security and economic prosperity (Fetzek and Messera). Japan believes climate change is a ‘threat multiplier’ in that it has the ability to cause fragility, social unrest, and violent conflicts. Japan thinks about its national security with respect to climate change by addressing risks that include: “a strong nexus between development and disasters, migration and related conflicts, food price volatility, trans-boundary resource conflicts including those over water, unintended effects of policies with vulnerability 
consequences, sea level rise and competition for local resources” (Shaw, Prabhakar and Mori), as stated in the Climate Security in Japan Discussion Paper from 2017. Since 2007, Japan has experienced some of the worst heat waves in the country’s long history, severely affecting the majority elderly population, leading to serious health impacts and casualties. Heat has changed rice production, fruit quality has decreased, and the rise in ocean temperatures have changed fish migratory patters, causing fisherman to travel further and use more fuel to catch fish, ultimately causing the price of fish to increase.  Climate change has also heavily affected the weather in and around Japan. Being a country made up of many islands, the rising sea levels bordering Japan and the increased number and intensity of weather related storms are both high priority issues. The solution is a strong will, politically and environmentally, to put investment into a proper renewable infrastructure for a low green house gas country and world. Japan has recognized climate change as an imminent global and national security threat that endangers human security, and plans to combat climate change with environmental priorities which include: “(1) promotion of urban development and infrastructure investment to achieve low-carbon societies resilient to climate change, (2) integrated management of risks related to climate change, and (3) improvement of policies and institutions in developing countries” (JICA 2016).   In consensus with many other countries, Japan is has put climate change as one of their top national security priorities, taking many actions to reduce green house gas emissions, which it has been doing since 2013 as Graph #4 portrays, to move in a renewable energy direction. Current environmental policies will steer Japan towards about 1216 million tons of carbon dioxide emissions for 2020, slightly lower than that of 
reference levels from 1990 emissions, and around 1126 million tons for 2030, which is about 8-12% lower than 1990 levels.   In April of 2014, the Japanese government issued a new energy policy focusing on energy security, reductions in green house gasses, nuclear safety, and economic efficiency. Among top priorities is the balance of renewable energies to combat the dependency on costly foreign fossil fuels, as well as progressing in the development of renewable energies. Japan’s national security objectives with respect to climate change occur simultaneously as Japan tries to dig itself out of the economic hole they have been in for over 20 years. The economy is optimistically looking at development and the pursuit of renewable energies to help reverse the economic stagnation and lure more foreign investments.   Though nuclear power is risky, Japan must rely on nuclear because it cannot develop renewables in such a timely manner to completely eradicate nuclear as a source of energy. Nuclear and renewable energies can and should start to phase out fossil fuel usage, and come time, nuclear can similarly be phased out by relying on developed forms of geothermal, solar, wind, and marine power, thus eliminating any risk that may remain. The Fukushima disaster had many negative affects on Japan; particularly the energy sector in that it set back significant progress made for clean energy, and made Japan return to fossil fuels, as Graph #5 shows. To combat the dependency on fossil fuels, renewable energy must evolve. How the energy sector evolves over the next 10 to 20 years will largely depend on how much nuclear will come back. The more nuclear energy that gets restarted, the more coal and fossil fuels get phased out. In terms of renewables, Japan made a huge push within the past couple years, introducing generous feed in tariffs and buy backs, and a great deal of solar energy development. There is great opportunity for other sources of 
renewables to be developed if the politically and economically feasible policies described are to be ratified.     
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